Abstract The aim of this study was to evaluate a computer-based method to find a new inhibitor for polyphenol oxidase (PPO) in banana, apple, and mushroom. First, the sequence of PPOs was separately obtained from Protein Data Bank, and their homology was investigated. Next, the same structure of their active site was found, and it was interacted with various phenolic and benzoic compounds by a molecular dynamic software. Moreover, the inhibition of enzymatic browning was also investigated at different laboratory conditions. This study showed that histidineleucine-phenylalanine-histidine was in all types of PPOs. Also, molecular dynamic simulation showed that (3S)-2-(3,4-dihydroxyphenyl)-3,5,7-chromanetriol (DHPC) is the best compound to interact with PPOs. Based on experimental tests, DHPC had the highest efficacy at 4°C. The decrease in inhibition of enzymatic browning was seen with the increase in temperature. Also, the decrease in pH led to increase in enzymatic browning. It could be concluded that DHPC is a good inhibitor for enzymatic browning. It seems that this compound can be used in different fruits and vegetables to inhibit enzymatic browning.
Introduction
Peeling, cutting, and crushing lead to changes of physiological and biochemical properties of food products (Moelants et al. 2014; Niemira and Fan 2014) . These changes are important causes of loss quality in fruits and vegetables, i.e., appearance, nutritional value, and marketability (Artes and Allende 2014; Rico et al. 2007; Zhang et al. 2015) . Theoretically, the enzymatic browning in fruits and vegetables is due to activation of diphenol oxidase, polyphenol oxidase (PPO), catecholase, or tyrosinase (Mishra et al. 2013 ). The enzyme is found in many plant tissues, especially those that produce brown filaments (Giri 2014; Zhang et al. 2015) . PPO catalyzes two basic reactions, including hydroxylation and oxidation. In hydroxylation, monophenols are converted to diphenol. And in oxidation, diphenols are converted to orthoquinones. Ortho-quinones can be polymerized and create the high molecular weight compound, melanin (Bajwa et al. 2015; Corzo-Martınez et al. 2012) . Melanin can also react with various amino acids and proteins and leads to brown color. Enzymatic browning causes the deterioration of fruits and vegetables, resulting in large economic losses (Dodd 2014) . The browning of injured fruit tissues can cause To find an inhibitor for a specific enzyme, a computerbased method (CBM) has been introduced (Jiménez-Atiénzar et al. 2004; Ma et al. 2014) . Although researchers have been studied on different inhibitors (Altunkaya and Gökmen 2008; Kuijpers and Vincken 2013) , most of them are toxic and can change texture and taste of fruits. Here, a CBM was used to find a new inhibitor for PPO in two types of fruits (banana and apple) and one type of mushroom. Moreover, the efficacy of inhibitor was checked by some experiments. This article carried out in the Pajoohesh Medical Lab, Yazd, in 2015.
Materials and methods

Materials
(3S)-2-(3,4-dihydroxyphenyl)-3,5,7-chromanetriol (DHPC) was purchased from Merck, Germany. Apple, banana, and mushroom were provided from different shops of Yazd, Iran.
Simulation study
PPO sequences of apple, banana, and mushroom were separately obtained from Protein Data Bank (PDB), http:// www.rcsb.org/pdb (Table 1) . In order to check homology of these sequences, an online software was used, http:// www.isb-sib.ch. Then, the place of all histidines (H) and all phenyl alanines (F) was highlighted. Then, the quantity of HH, FF, HF, FH, H1-20H, F1-20F, H1-20F, and F1-20H was quantified. In the next level, the best sequence was selected, based on its frequency. Then, this sequence was interacted with various phenolic and benzoic compounds by a molecular dynamic (MD) software, Ascalaph Designer. Finally, the average of intermolecular energy was calculated for each compound. Table 6 The average of intermolecular energy and number of hydrogen bonding between HLFH and some phenolic and benzoic compounds 
Experimental study
First, serial concentrations (37.5, 75, 150 , and 300 mM) of DHPC were prepared in distilled water. In the next step, apple, banana, and mushroom were cut and separately held in petri dish. Then, 100 lL of DHPC was added to all slices and incubated for 1, 2, 3, 24, 48, and 72 h. Temperature and pH were separately adjusted as follows: Fig. 1 The inhibition of enzymatic browning at 4°C. *P \ 0.05 compared with 24, 48, and 72 h. n = 3
At 4°C with pH 7 At 25°C with pH 7 At 37°C with pH 7 At 37°C with pH 5 At 37°C with pH 9
After incubation, a picture was taken from each petri dish by a digital camera with resolution of 13 mega pixel. Then, all pictures were inserted in Photoshop CS6 software, and the color of slices was recorded. The total color was measured by Formula 1. Finally, the inhibition of enzymatic browning was calculated, according to Formula 2 (Holderbaum et al. 2010) .
where R, G, and B are red, green, and blue color, respectively.
where (I) is the inhibition of enzymatic browning, TC c is the total color in control, and TC t is the total color in test. Tables 2 and 3 show the homology between different PPOs, used in this study. As seen, the highest homology was seen between apples, and the minimum homology was observed between banana. Table 4 shows the quantity of HH, FF, HF, FH, H1-20H, F1-20F, H1-20F, and F1-20H sequences. Table 5 demonstrates the selected sequences, containing H and F. Based on this result, the best sequence was histidine-leucine-phenylalanine-histidine (HLFH).
Results and discussion
The average of intermolecular energy between HLFH and some phenolic and benzoic compounds is shown in Table 6 . As seen, DHPC had less intermolecular energy.
Figures 1, 2, and 3 show the inhibition of enzymatic browning at 4, 25, and 37°C, respectively. As seen, the inhibitor had the highest efficacy at 4°C. The decrease in inhibition of enzymatic browning was seen with the increase in temperature. Figure 4a , b shows the inhibition of enzymatic browning at pH 5 and 9, respectively. As seen, the decrease in pH led to increase in inhibition of enzymatic browning. Fig. 4 The inhibition of enzymatic browning at pH 5 (a) and 9 (b). *P \ 0.05 compared with 24, 48, and 72 h, n = 3
Here, four different sequences of apple, banana, and mushroom were used. Although the GenBank number of these sequences is different, further sequences must be studied in future. The homology study showed that mushroom had less homology among others. Since mushroom is a kind of herb, its sequence has less similar to apple and banana. Since H and F are in different places of protein sequences, it cannot be certainly declared which they are in the actual place. It was found that H1H-H2H-H3H-H4H-H5H-H8H-FF-F3F was similar. Remarkably, this similarity was only in number and not in sequence. Note, HLFH was the best sequence and it had the most similarity among the sequences. It must be mentioned that further studies are needed to show whether HLFH sequences are in active site or not. MD simulation showed that DHPC was the best candidate for this study. DirksHofmeister et al. (2012) compared the characteristics of PPO to find the structure-function correlation within the plant PPOs. They showed differences in enzyme-substrate interactions. Also, they found that one amino acid side chain, position HB2 ? 1, was the best. Nokthai et al. (2010) analyzed the active site of PPO by molecular modeling. They found that epicatechin and catechin had high affinity with the enzyme. Based on their results, trihydroxybenzoic acid had high affinity and specificity. A homology modeling for PPO was done by Mallick et al. They showed 224 hydrogen bonds, 15 helices, and 50 turns (Mukherjee et al. 2011) . Koval et al. (2006) modeled the active site of PPO. Saeidian (2013) showed the inhibition of PPO by L-glycine. The agent inhibited PPO activity at 0.4 mM in pH 6.7. Klabunde et al. (1998) showed that the catalytic copper center was accommodated in a central four-helix bundle. Also, metal-binding sites were composed of three H ligands.
Conclusion
It could be concluded that DHPC can interact with PPOs. Moreover, DHPC had more efficacies at low temperature and pH. It seems that this compound can be used for different fruits and vegetables to inhibit enzymatic browning. It must be mentioned that some additional experiments, such as toxicity test, must be done in future studies.
